Background. Clinical trials of agents targeting the vascular endothelial growth factor A (VEGF-A) pathway in gastric adenocarcinoma (GA) suggest that these therapies may have varying efficacy in different races. Methods. VEGF-A in serum and/or VEGF receptor 2 (VEGFR-2) in CD31-positive tumor vessels (VEGFR-2/ CD31) were measured in 118 Caucasians and 263 Asians who underwent gastric resection at two institutions and correlated with overall survival (OS). Blood was drawn before any treatment. Patients receiving neoadjuvant treatment were excluded from VEGFR-2 analysis. Results. Compared with Asians, Caucasians were older (mean age 66-73 vs 59-62 years), had more proximal tumors, and had more advanced TNM stage. In the VEGF-A cohort, Caucasians had a median VEGF-A level that was 95 % higher than that of Asians and a much higher standard deviation (88 ± 6.206 vs 45 ± 76 pg/ml, p \ 0.001).
95 % higher than that of Asians and a much higher standard deviation (88 ± 6.206 vs 45 ± 76 pg/ml, p \ 0.001). The 5-year OS for patients with low versus high VEGF-A levels was 72 versus 43 % in Caucasians (p = 0.001) and 86 versus 77 % in Asians (p = 0.236). In the VEGFR-2 cohort, OS was worse in Caucasians with high VEGFR-2/ CD31 levels (49 vs 73 %, p = 0.038), while there was no significant difference in OS in Asians (80 vs 90 %, p = 0.119). On multivariate analyses of significant prognostic factors (excluding treatment factors and margin status), serum VEGF-A and tumor VEGFR-2/CD31 levels were independent predictors of OS only in Caucasians. Conclusions. In patients with resectable GA, VEGF-A and VEGFR-2/CD31 levels are independent predictors of OS in Caucasians but not in Asians, suggesting varying importance of this pathway in GA progression among different races.
Gastric cancer is the second leading cause of cancer death worldwide, accounting for nearly one million new cancer cases per year and almost 10 % of all cancer deaths. 1 Several clinical studies support the idea of biological differences in gastric adenocarcinomas (GAs) arising in Western versus Asian patients. 2, 5 Given there may be differences in the biology of GA in Western and Asian patients, there may be varying responses to chemotherapy and targeted therapies depending on race or ethnicity.
Vascular endothelial growth factor A (VEGF-A) is one of the most important factors driving tumor angiogenesis; VEGF-A is produced by many different cell types and can act in an autocrine and paracrine manner on VEGF receptors (VEGF-R). 6 VEGF-A exerts its effects primarily through VEGFR-1 (also called Flt-1) and VEGFR-2 (also called Flk-1 KDR). 5 VEGFR-1 and VEGFR-2 are expressed primarily on endothelial cells and consist of 7 extracellular immunoglobulin-like domains, a transmembrane region, and an intracellular consensus tyrosine kinase domain. 6 VEGFR-1 by itself is generally thought to transmit only weak mitogenic signals but can heterodimerize with VEGFR-2, forming a complex with strong signaling properties. 7 VEGFR-2 seems to mediate the major growth and permeability actions of VEGF-A. 8 VEGF receptor 2 (VEGFR-2) is the primary receptor for VEGF-A on endothelial cells.
VEGF-A levels in gastric tumors and circulating in the blood correlate with extent of disease, recurrence, and survival. 7 The VEGF-A pathway has been a well-studied target in GA clinical trials. Clinical trials have examined VEGF-A and VEGFR-2 targeted agents in combination with chemotherapy in patients with metastatic GA, and results suggest the efficacy of these therapies may vary among patients of different races in Eastern versus Western countries. 8, 9 In this study, we sought to examine pretreatment levels of serum VEGF-A and levels of VEGFR-2 in tumor blood vessels in Caucasian and Asian patients with resectable GA and to correlate these levels with outcomes.
METHODS

Patients
Patients with adenocarcinomas arising in the stomach or gastroesophageal junction (GEJ) Siewert type II or III who underwent radical gastrectomy or esophagogastrectomy with potentially curative intent (R0 and R1) from May 2006 to March 2012 were included. The MSKCC, Seoul National University Hospital (SNUH), and Seoul National University Bundang Hospital (SNUBH) Institutional Review Boards approved this study, and informed consents for study of blood and tumor tissue were obtained preoperatively from all patients. For the VEGF-A cohort, 181 Caucasian patients were treated at MSKCC and designated as the Caucasian group. A total of 115 Asian patients from SNUH and SNUBH were designated as the Asian group. For the VEGFR-2/CD31 cohort, those patients who received neoadjuvant treatment and/or did not have tumor tissue available were excluded from the Caucasian group, leaving 42 patients. SNUH/SNUBH patients who did not have blood available but did have tumor tissue available were added to this cohort, giving us 263 Asian patients. Tumor staging was determined from the surgical specimen and was based on the seventh edition of American Joint Committee on Cancer TNM staging system. 10 Blood Sample Collection and Enzyme-Linked Immunosorbent Assay (ELISA)
All patients had blood samples drawn before surgery and neoadjuvant therapy. Blood samples were collected in plain vacuum tubes and coagulated at room temperature. They were centrifuged at 10009g for 10 min followed by serum collection. Serums were aliquoted and stored at -80°C until analyses were performed. Serum samples were measured for VEGF-A using the commercially available Human VEGF Duoset ELISA kits (R&D Systems, Minneapolis, MN) as previously described.
11 ELISA plates were read using the Emax Precision Microplate Reader (Molecular Devices, Sunnyvale, CA), and sample values were determined against a 4-parameter standard curve. The mean value of duplicate samples was used as the final concentration. Intra-assay and inter-assay validation were also performed and found to be \15 and 15 %, respectively. All samples were measured in one laboratory (S.S.Y.).
Analysis of VEGFR-2 Expression in Tumor Vessels
Immunohistochemical analysis of tissue arrays of paraffin-embedded GA was performed using antibodies for VEGFR-2 (55B11 Cell Signaling Technology, Beverly, MA) and CD31 (PECAM-,1 Dako, Carpentaria, CA), an endothelial cell marker. The mean number of VEGFR-2-and CD31-positive vessels per mm 2 for each tumor was quantified. The percentage of VEGFR-2-positive vessels per tumor was calculated as: [(number of VEGFR-2 vessels per mm 2 /number of CD31 vessels per mm 2 ) 9 100]. All samples were analyzed in one laboratory (A.N.S.).
Statistical Analysis
Clinicopathological characteristics were compared between Caucasian and Asian groups using Chi square test and Mann-Whitney U test. Levels of serum VEGF-A and VEGFR-2/CD31 between patients were compared by the Kruskal-Wallis and Mann-Whitney U tests. Overall survival (OS) curves were plotted by the Kaplan-Meier method and compared using the log-rank test. Cutoff values for VEGF-A and VEGFR-2/CD31 were determined by analyzing receiver operating characteristics curves. A Cox proportional hazards regression was used for univariate and multivariate analyses of prognostic factors for OS. A p value \0.05 was considered statistically significant. Analyses were performed using SPSS software for Windows version 21 (SPSS, Chicago, IL).
RESULTS
Clinical and Pathological Characteristics
The demographics and treatment of Caucasian and Asian patients in the VEGF-A cohort (n = 296) and in the VEGFR-2/CD31 cohort (n = 305) are summarized in Supplemental Table 1 There was no difference in the ratio of male to female patients, but median age was 7-11 years older in Caucasian patients. For Asian patients, tumors were more commonly located in the middle or distal stomach, and thus about three-quarters of Asian patients underwent distal gastrectomy compared to only 27.6-50.0 % of Caucasian patients. Of patients in all subgroups, 90 % or more received a D2 lymphadenectomy. Nearly one-half of Caucasian patients received neoadjuvant chemotherapy or chemoradiation in the VEGF-A cohort, and about one-quarter received postoperative chemotherapy or chemoradiation.
The pathological characteristics of tumors in the VEGF-A and VEGFR-2/CD31 cohorts are also listed in Supplemental Table 1 Tumor size was similar in all groups. Caucasian patients had significantly more proximal and GE junction tumors while Asian patients had predominantly middle and distal stomach tumors. In terms of microscopic margin, 8.3-9.5 % of Caucasian patients had a positive microscopic margin compared with 0 % for Asian patients. There were more Lauren's intestinal type tumors in Caucasian patients (50.0-56.9 vs 45.2 %-46.1 %) and more diffuse-type tumors in Asian patients (42.6-46.4 vs 23.8-24.9 %). Tumors from Caucasian patients also had a higher incidence of vascular invasion and neural invasion and had more advanced T status, N status, and TNM stage.
Serum VEGF-A Levels
In the VEGF-A cohort, serum VEGF-A levels were measured in all patients in the VEGF-A cohort prior to any neoadjuvant therapy or surgery (Fig. 1) . The median level of serum VEGF-A in Caucasian patients was nearly twice that of Asian patients, and the range of serum VEGF-A values was much greater in Caucasian patient compared with Asian patients (88.1 pg/ml ± s.d. 6.206 vs 45.2 pg/ ml ± s.d. 76.3, p \ 0.001).
Follow-up was conducted until January, 2013, and the median follow-up period was 46.8 months. At the time of last follow-up, 206 patients were alive and 90 patients were dead. Overall, Asian patients had significantly better OS compared with Caucasian patients, with the actuarial 5-year OS being 81.5 % for Asian patients compared with 56.5 % for Caucasian patients (Fig. 2a) . The KaplanMeier OS curve according to serum VEGF-A level (cutoff value 75.4 pg/ml) for all patients is shown in Fig. 2b . For all patients, higher level of serum VEGF-A was associated with significantly poorer OS (p \ 0.001). When examining Caucasian and Asian patients separately, higher levels of VEGF-A correlated with worse OS in Caucasian patients (Fig. 2c) but not in Asian patients (Fig. 2d) . The 5-year OS for patients with low versus high VEGF-A levels for Caucasians was 72.4 versus 43.4 % (p = 0.001) and for Asians was 85.6 versus 77.4 % (p = 0.236).
Prognostic factors of OS were investigated separately for Caucasian and Asian groups (Table 1) . By univariate analysis, tumor location, margin status (R0 vs R1), neoadjuvant treatment, tumor size, grade, T status, N status, and serum VEGF-A level were statistically significant prognostic factors for OS for Caucasian patients. On multivariate analysis, serum VEGF-A remained an independent prognostic factor for OS in Caucasian patients along with tumor location, size, grade, and N status. For Asian patients, age, neoadjuvant treatment, size, vascular invasion, T status, and N status were statistically significant prognostic factors for OS for Asian patients. VEGF-A levels were not prognostic for OS in Asian patients. On multivariate analysis, age and N status were independent predictors of OS in Asian patients.
Location/Lauren Subtype and Serum VEGF-A Levels
In a prior study, we divided GAs into three distinct subtypes-proximal nondiffuse, distal nondiffuse, and diffuse-and found that these subtypes could be reliably distinguished by a classifier based on gene expression microarrays. 12 When we divided our Caucasian patients into these three categories, there were 85 proximal nondiffuse tumors (47.5 %), 49 distal nondiffuse tumors (27.4 %), and 45 diffuse tumors (25.1 %) (Supplemental Table 2 ). There were significant differences between these three groups in terms of age, type of resection, neoadjuvant treatment, size, location, grade, and T stage. Furthermore, median VEGF-A levels were 83.1 and 142 % higher in proximal nondiffuse tumors compared with distal nondiffuse and diffuse tumors, respectively.
When examining OS based on these three subtypes in Caucasian patients, distal nondiffuse tumors had a better OS than proximal nondiffuse tumors or diffuse tumors (Supplemental Fig. 1a) . VEGF-A levels correlated inversely with OS in all three subtypes, although this difference did not reach statistical significance for the diffuse group (Supplemental Fig. 1b-d) . We performed the same analysis of the proximal nondiffuse, distal nondiffuse, and diffuse subtypes in Asian patients and found no difference in levels of VEGF-A (Supplemental Table 3 ) and found no correlation with OS (Supplemental Fig. 2a-c) .
VEGFR-2 Expression in Tumor Vessels
We next analyzed the expression of the primary VEGF-A receptor VEGFR-2 on CD-31 positive tumor vessels (VEGFR-2/CD31) on a different cohort of Caucasian and Asian patients (VEGFR-2/CD31 cohort). All patients receiving neoadjuvant chemotherapy were excluded, and thus the size of the Caucasian cohort was reduced to 42. More Asian patients had tumor samples than blood samples available, and thus the size of the Asian cohort was increased to 263, giving a total of 305 patients. The median level of VEGFR-2/CD31 in Caucasian patients was For this cohort, follow-up was conducted until January, 2013, and the median follow-up period was 60.0 months. At the time of last follow-up, 246 patients were alive and 59 patients were dead. Patients with higher VEGFR-2/ CD31 levels had significantly worse OS compared with patients with lower VEGFR-2/CD31 levels (Fig. 3a) . When examining Caucasian and Asian patients separately, higher levels of VEGFR-2/CD31 correlated with worse OS in Caucasian patients (Fig. 3b) but not Asian patients (Fig. 3c) . The 5-year OS for patients with low versus high VEGFR-2/CD31 levels for Caucasians was 73.2 versus 48.9 % (p = 0.038) and for Asians was 90.0 versus 80.0 % (p = 0.119). On multivariate analysis for Caucasian patients, factors associated with OS included tumor size and VEGFR-2/CD31 level ( Table 2) . For Asian patients, T status and N status but not VEGFR-2/CD31 were independent predictors of OS.
DISCUSSION
In this study of Caucasian and Asian patients undergoing potentially curative resection of gastric and GEJ adenocarcinoma, there were significant differences between the Caucasian and Asian patients in terms of patient demographics, use of neoadjuvant and adjuvant therapy, and pathological characteristics. In addition to these differences, levels of serum VEGF-A were significantly higher in Caucasians versus Asians. Higher VEGF-A level was an independent predictor of worse OS in Caucasians and had no correlation to OS in Asians. When tumor VEGFR-2/CD31 levels were analyzed, higher VEGFR-2/CD31 level was also an independent predictor of worse OS in Caucasians but not in Asians. This study supports the notion suggested by some clinical studies that the VEGF-A/VEGFR-2 pathway may play a greater role in GAs progression in Caucasians compared with Asians.
We excluded 26 Asian-American patients treated at MSKCC from the VEGF-A cohort. The median level of VEGF-A in Asian-Americans treated at MSKCC was 55.5 pg/ml ± s.d. 123.4. This is compared with 88.1 pg/ ml ± s.d. 6.206 for Caucasians at MSKCC (p = 0.027) and 45.2 ± s.d. 76.3 for Asians at SNUBH (p = 0.547). There were only 6 Asian-Americans at MSKCC excluded from the VEGFR-2 cohort, making comparisons difficult. Thus, Asian-Americans patients at MSKCC had significantly lower levels of VEGF-A compared with Caucasian patients at MSKCC and levels similar to Asian patients at SNUBH.
Analysis of circulating factors such as VEGF-A may be helpful in determining the prognosis of gastric cancer patients undergoing surgical resection. Gastric cancer patients are most commonly staged using the American Joint Committee on Cancer (AJCC) TNM system. 10 In our previous analysis of the surveillance, epidemiology, and end results (SEER) database, we found the seventh AJCC staging system misclassifies or mispredicts the prognosis of more than half of SEER patients. 13 There are several alternatives to TNM-based staging systems, and our group However, as has been demonstrated most prominently in breast cancer patients, the addition of biological biomarkers to traditional clinical parameters can significantly improve the ability to determine prognosis and make treatment decisions. 15 The clinical trials of bevacizumab combined with chemotherapy for metastatic gastric cancer suggest possible differences in efficacy based on patient race or ethnicity. In 2 phase II clinical trials performed at MSKCC, bevacizumab and chemotherapy as first-line therapy led to response rates of 41-67 % and median OS of 10.8-16.8 months. 16, 17 These studies led to the phase III randomized AVAGAST trial, which did not find a significant difference in OS when bevacizumab was added to chemotherapy (12.1 vs 10.1 months). 8 Interestingly, subgroup analysis found that patients from Europe and the Americas derived more benefit from bevacizumab (11.5 vs 6.8 months; 95 % CI 0.43-0.94) than patients from the Asia-Pacific region (13.9 vs 12.1; 95 % CI 0.75-1.25). Another phase III study (AVATAR) in Chinese patients confirmed that lack of benefit in OS in Asian patients with the addition of bevacizumab to chemotherapy. 18 More recent trials of ramucirumab, an anti-VEGFR-2 antibody, have enrolled a higher proportion of non-Asian patients and have yielded positive results. The REGARD study randomized patients with advanced gastric or GEJ adenocarcinoma with disease progression after first-line chemotherapy to ramucirumab or placebo. 19 Only 7 % of patients in this study were from Asia. Median OS was 5.2 months in the ramucirumab group and 3.8 months in the placebo group (p = 0.047). The RAINBOW trial randomized 665 patients to paclitaxel plus ramucirumab or paclitaxel plus placebo, and median OS was significantly improved from 7.4 to 9.6 months with the addition of ramucirumab (p = 0.017). 9 This study examined 140 patients from Japan and found that ramucirumab improved response rate and progression-free survival but not OS in Japanese patients. There are several limitations to this study. First, we demonstrate some correlations between serum VEGF-A and tumor VEGFR-2/CD31 levels and OS in highly heterogeneous groups undergoing treatment at different institutions. Given there is multiple testing, any significant association should be considered hypothesis generating and not hypothesis proving. Perhaps in the future, differences in the VEGF-A pathway between Caucasians and Asians could be put into the context of broader molecular differences as seen in the Cancer Genome Atlas study of GAs. 20 Second, there are more than 300 patients in this study, but a larger number of patients would have allowed for more definitive associations and conclusions. Third, 37.5 % of patients in the VEGF-A cohort received neoadjuvant treatment, which may have affected pathological factors such as T and N status. However, only 48 patients (16 %) had a pathological treatment effect of more than 50 %. Fourth, some patients in both the VEGF-A and VEGFR-2 cohorts were excluded, and thus selection bias may exist. For example, patients receiving neoadjuvant treatment were excluded from the VEGFR-2 cohort. However, there are clearly effects of chemotherapy on VEGFR-2 expression, and thus including such patients was necessary. Lastly, there are no correlations made in this study between levels of circulating factors and response to targeted therapies for patients who developed recurrence and receive these treatments in the metastatic setting, but current studies are underway to address this issue.
In summary, our understanding of GA and other cancers continues to evolve. From a tumor biology perspective, GA is a heterogeneous disease driven by numerous growth and signaling pathways, and specific pathways play a predominant role in only a minority of tumors. Quite interestingly, specific pathways may play greater roles in tumors arising in one race or ethnicity versus another. Here we demonstrate that serum VEGF-A levels are higher in Caucasian patients with resectable GA compared with Asian patients and that VEGF-A and VEGFR-2/CD31 levels are prognostic for OS in Caucasian patients but not in Asian patients. 
